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innervating high-(n = 14) and low-frequency (n = 17) hair cells. The upper optical sections were taken near the tips of the fibers, about halfway up the hair cell, showing the finger-like terminal projections, while those below, near the base of the hair cell, illustrate each process converging onto one fiber. A Z-stack (vertical montage) of all image planes through a single terminal field and fiber is shown in Figure 1C , where the fingerlike afferent terminals converge near the cell's base to form a single fiber. The number of finger-like projections for each hair cell increased slightly from 3 ± 0.2 (n = 17) to 4 ± 0.2 (n = 14) for low-and high-frequency positions, respectively, similar to electron microscopic reconstructions (Sneary, 1988) . Each fiber was traced to the neural edge of the papilla; no branching was observed over this distance, indicating that one fiber innervates one hair cell, thus allowing presynaptic data to be interpreted in terms of synaptic release onto a single nerve fiber.
Serial semithin sections were evaluated by transmission electron microscopy (TEM) to determine the number of synapses per hair cell. Synapses were defined by the presence of a dense body (DB) opposed to synaptic thickenings. DBs not associated with thickenings were excluded. There were no synaptic thickenings identified that did not lie adjacent to a DB, and no DB was associated with more than one synaptic thickening. A series of four 300 nm sections from an apical hair cell is presented in Figures 1D-1G . The boxes indicate the expanded region just below each section. Profiles of a single DB are observed in the two middle panels, but not in the first or last panel. Low-frequency cells had 18 ± 7 (n = 6) synapses, while high frequency cells had 60 ± 12 (n = 6) synapses ( Figure 1H ), values similar to those found by Sneary (Sneary, 1988) .
Previous work has shown that the hair cell Ca frequency cell are shown in Figure 2C to illustrate the similarity in structures. No difference in synaptic thickening length, 598 ± 88 nm for low-and 522 ± 78 nm for high-frequency synapses, was found. There was a slight increase in DB diameter, relative to the characteristic frequency of the hair cell, ranging from 218 ± 19 nm (n = 10, low-frequency) to 252 ± 33 nm (n = 11, high-frequency, p < 0.05), not nearly as dramatic as that described in chick, where DB diameters varied from 120 to 250 nm (Martinez-Dunst et al., 1997), albeit over a larger frequency range. DBs were smaller than those in vestibular organs of frog and goldfish saccule, where their diameters were w400 nm (Gleisner et al., 1973; Hama and Saito, 1977; Jacobs and Hudspeth, 1990; Lenzi et al., 1999).
The number of vesicles per DB was 69 ± 11 (n = 7) and 94 ± 21 (n = 11) for DBs obtained from low-and high-frequency cells, respectively. The difference in number between frequency locations, (p < 0.05) could be explained by the difference reported for DB diameter. Vesicle numbers per DB represent 53% and 51% of maximal density, proportions similar to those for saccule hair cell DBs (Lenzi et al., 1999).
The population of vesicles on the DB was subdivided into two pools, those between the plasma membrane and DB (rapidly releasable pool) and those on the DB, but away from the plasma membrane (readily releasable pool) ( Figure 2D ). The number of vesicles in the rapidly releasable pool were similar (28 ± 10, n = 10 and 32 ± 9, n = 11) for low-and high-frequency positions, respectively. The number of vesicles in the readily releasable pool is equivalent to the difference between the total number of vesicles on the ribbon and that in the rapidly releasable pool. As illustrated in Figure 2D , although the differences between synapses were not great, the greater number of synapses in high-frequency cells results in their having significantly more vesicles in each of these pools.
Reconstructions of saccule hair cell DBs revealed a gradient in the cytosolic synaptic vesicles, where vesicle numbers decrease with distance away from the DB (Lenzi et al., 2002; Lenzi et al., 1999). Vesicle concentrations were measured at two positions relative to the DB, vesicles within a w700 nm radius from the center of the DB (near), and those greater than w1 m away from the DB and extending toward the center of the cell (distant). Vesicles near the DB were counted in serial Figure 5A , the analysis is limited to a duration (Figure 7) . The model is based on the hypothesis that release occurred from vesicles on the DB, specifically those vesicles nearest to the plasma membrane, and that this rapidly releasable pool was constantly being refilled from other vesicles attached to the DB. This readily releasable pool was in turn refilled by vesicles surrounding the ribbon, which was refilled by vesicles from a distance. Vesicle pools associated with the DB were assumed to have a maximal capacity and could not be overfilled. Rate constants were assumed to be instantly fully activated at the onset, and fully inactivated at the end, of a stimulus step, simplifying and embedding the presumed time and Ca 2+ -dependent nature of these processes. The equations describing the equilibrium of each pool are provided in the Experimental Procedures. Vesicle populations associated with the DB (model pools A/B) were constrained by the total number measured experimentally, but the relative distribution between A and B was fit. Optimizing this system of equations for the initial values of vesicle numbers in each pool, and for their associated rate constants, allowed for the fitting of the data presented in Figure 5 . The entire response curve was fit, ( Figure 5C ) and expanded timescales ( Figures  7C and 7D ) illustrate the ability of the model to reproduce each of the kinetic components of release and to do so with vesicle populations measured morphologically. Rate constants and pool sizes are given in Table  1 . The model consistently predicted fewer vesicles in pool A than were counted, suggesting that not all vesi- 
